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This paper describes the preparation of a new precursor for incorporating phosphate into a LiMn2O4 spinel-like cathode material. This novel precursor is
characterized using FTIR, UV–vis, ATD/TG/DSC, CHN elemental analyses, TEM–EDS and SEM–EDS techniques. The proposed strategy involves
forming a Li–NH4–Mn(III)–citrate solution that introduces high quantities of PO4
3 counter-ions at a certain pH and peroxide concentration. The presence
of Mn(III) in the citrate solid precursor enables the rapid (1 h) preparation of pure and homogeneous LiMn2O4(PO4)0.1 spinel-like oxide nanoparticles at a
very low temperature (350 1C). The doping level of the material confers a higher a-lattice parameter value (8.218270.0003 Å) to the structure that
improves the lithium transport appreciably when combined with the nanometric particle size.
Published by Elsevier Ltd and Techna Group S.r.l. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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LixMn2O4 spinel-like oxide is considered one of the most
promising cathode materials for high energy rechargeable lithium
batteries currently under study [1–5] due to its good electroche-
mical behavior, structural stability, low cost, environmental-
friendliness and safety. This material shows an operative voltage
vs Li metallic anode of approximately 4 V, a practical capacity of
140 mA h/g and a coulombic efﬁciency exceeding 80% over 500
cycles at high current density (1480 mA/g) [6,7].
Currently, the studies on LixMn2O4 are primarily focused on
increasing and retaining the practical capacity, as well as10.1016/j.ceramint.2014.04.092
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structural stability and reducing the dissolution of Mn(II) in
the electrolyte. The literature has reported various strategies
[4,6–10] toward improving the electrochemical performance of
LiMn2O4 cathode materials, such as decreasing the particle
size to reach the nanometric scale without losing crystallinity
[7], modifying the morphology [8,9] and structurally inserting
diverse ion dopants [4,6,10,11], as well as other strategies. In
general, as-prepared LiMn2O4 oxides with a high crystallinity,
nanometric particles with a homogeneous size, shape and
composition, a large a-lattice parameter and combinations of
these attributes exhibit the best electrochemical performance
[2,6–8]. The hydrothermal and sol–gel synthesis routes that
employ complexing agents to coordinate Mn(II) ions have
been very useful toward this purpose [6,10,12–17].
Nano-particles were prepared in the 20–700 nm range
[6,12,13] with a-lattice parameters varying from 8.15 to
8.23 Å while employing a hydrothermal method [12,13].ess article under the CC BY-NC-ND license
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conditions [12,13]; long reaction times are needed for phase
formation [6,12].
The sol–gel route forms small and homogeneous LiMn2O4
particles at relatively low temperatures (200–400 1C) from the
thermal decomposition of Li–Mn(II) citrate precursors [14,15].
However, the long reaction times, small a-lattice parameter
(8.11–8.18 Å) and the formation of inorganic impurities [5,14–
16,18] hinder the use of this route.
Ye et al. [6] demonstrated the effectiveness of doping
LiMn2O4 with PO4
3 regarding its electrochemistry para-
meters: the a-lattice increased by 0.011 Å for particles ranging
in size from 0.7 to 0.9 mm, improving the reversibility of the
cathode cycling. However, inserting more than 0.015 mol
PO4
3 into LiMn2O4 without precipitating Li3PO4 was not
possible.
The present work proposes a novel strategy for preparing
pure LiMn2O4 and LiMn2O4(PO4)0.1 nanoparticles at low
temperatures (350 1C) over short reaction times (approximately
1 h) from the thermal decomposition of a new Li–Mn(III)
citrate precursor that allows the highest PO4
3 doping reported
to date for LiMn2O4 cathode materials.
2. Experimental
2.1. Synthesis
The Li–Mn(III)–citrate undoped-precursor with a Li/Mn
(III)/citrate stoichiometric ratio of 1:2:3, respectively, was
synthesized by adding MnO2 (Aldrich) to a mixture of aqueous
Li2CO3 (0.02 M Merck) and citric acid (0.12 M Aldrich) with
stirring. Afterward, a hydrogen peroxide solution (30% Uni-
Chem) was added dropwise until MnO2 was completely
dissolved. Subsequently, the pH was adjusted to 8–9 with
aqueous ammonia (13.5 M Merck), and the solution acquired a
brick red color.
The Li–Mn(III)–citrate(PO4)-doped precursor with a Li/Mn
(III)/citrate/PO4 stoichiometric ratio of 1:2:3:0.1, respectively,
was synthesized by adding an H3PO4 solution (1.5 M Uni-
Chem) to the solution above. The pH was maintained at 6.
Both precursors were precipitated through evaporation at
80 1C in ﬂowing air and subsequently dried at 100 1C in air for
12 h. The resultant powders were characterized and used to
prepare the undoped-LiMn2O4 and doped-LiMn2O4(PO4)0.1
oxides by heating at 10 1C/min for 40 min in ﬂowing air from
room temperature to 350 1C.
2.2. Characterization
Fourier transformed infrared spectra (FTIR) of the precur-
sors and oxides were measured with a Rayleigh FTIR
instrument model WQF – 510. The presence of a Mn(III)–
citrate complex in the red solution and the solid precursors
before evaporation was examined by UV–vis (Ultrospec 2100
pro 4190 V1.0 equipment) and diffuse reﬂectance spectro-
scopy (Lambda 40 Perkin-Elmer instrument), respectively. The
precursors and oxides were studied using high-resolutiontransmission electron microscopy (HRTEM) in a JEOL JEM-
2200FS instrument provided with a Schottky type ﬁeld
emission gun operating at 200 kV. The point resolution was
0.19 nm, and the informational limit exceeded 0.10 nm. The
HRTEM digital images were acquired using a CCD camera
and digital micrograph software from GATAN. The thermal
behavior of the precursors was studied with a thermogravi-
metric (TG) Universal V4.5 TA instrument under a dynamic
air atmosphere (25–600 1C, 10 1C/min). The XRD powder
data used for structural analysis was collected in a Shimadzu
XRD7000 instrument under the following conditions: a 40 kV/mA
scintillation detector, 151r2θr2A1 with a 0.0251 step width
and 5 s/step.
The X-ray photoelectron spectra (XPS) of the oxides were
obtained using a K-Alpha spectrometer from Thermo Scientiﬁc
with a hemispheric detector and monochromatic Al-Kα radia-
tion (hν¼1487 eV). The high resolution spectra were recorded
in a constant pass energy mode (60 eV). The charges were
referenced against the binding energy (BE) of adventitious
carbon (C1s_/284.5 eV). The signals were deconvoluted with a
combination of Gaussian–Lorentzian functions in a 63:37 ratio,
respectively. The baseline was adjusted using a Shirley model.
The elemental analyses (CHN) were performed with a Perkin-
Elmer 240C microanalyzer. The triplicate analyses of Li, Mn and
P were performed with an inductively coupled plasma optical
emission spectrophotometer (ICP-OES) Varian Vista MPX.
Qualitative and semi-quantitative chemical analyses were carried
out in both Scanning and Transmission Electron Microscopies
coupled to Noran System Six Energy Dispersive X-Ray Spectro-
scopy (EDS) detector. The SEM studies were carried out with the
aid of an JEOL JSM-6360LV Scanning Electron Microscope at
an acceleration voltage of 20.0 kV. The TEM studies were carried
out with the aid of an JEOL JEM-2010 Transmission Electron
Microscope at an acceleration voltage of 200.0 kV. The EDS
analyses were performed on several points chosen at random with
different magniﬁcations.
The electrical properties were measured at 303 K via Hall
effect measurements (HMS 3000 equipment) and Electroche-
mical Impedance Spectroscopy (EIS) (0.001 Hz to 32 MHz)
with a frequency response analyzer (Solartron SI1260). The
samples were prepared as thin pellets pressed at 2 MPa and
covered with silver paint on both faces to ensure good contact
with the Pt electrodes.
The Li diffusion coefﬁcients for both doped and undoped
oxides were calculated by the Potentiostatic Intermittent
Titration Technique (PITT) at overpotential of 0.03 V. For
this calculation an electrometer and electrical source Keithley
510 model equipments ensambled to the Li/LiPF6(PC/EC)/
oxide cells were used.
3. Results and discussion
The aim of this work is to ﬁnd a novel precursor that allows
both higher levels of phosphate doping (PO4
3) in LiMn2O4
and the rapid formation of homogeneous nanoparticles com-
posed of the cathode material. The proposed strategy involves
the formation of a Li–NH4–Mn(III)–citrate solution that
Fig. 1. IR spectra of the (a) Li–Mn–citrate and (b) Li–Mn–citrate(PO4) precursors. Deconvolution of the νas (–COO
) band at approximately 1600 cm1 for the
doped (c) and (d) undoped citrate precursors.
Table 1
Composition of the undoped and doped precursors.
Precursor C
(%)
H
(%)
N
(%)
EDX P/Mn
ratio
UV–vis bandsa position
(nm)
Undoped 23.7 4.7 7.7 411
487
590
Doped 24.9 3.94 5.0 0.06 400
464
582
aThe position of three solid UV–vis bands corresponds to three d–d
electronic transitions in the d4 conﬁguration, characteristic of Jahn–Teller
distortioned Mn(III) octahedral [30-32].
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3 counter-ions at certain pH
value and peroxide concentrations. For example, at pH 6,
MnPO4 formation is avoided in favor of a 5:1 Cit
3/HCitr2
ratio, incorporating H2PO4
 to neutralize the metallic charge of
the mixed precursor. The precursor demonstrates its versatility
when varying the pH and [Mn III]/[citric acid] ratio, enabling
control over the H2PO

4 incorporation into the precursor
without precipitating any impurities.
To study the inﬂuence of the highest PO4
3 doping concentra-
tion incorporated to the nanometric LiMn2O4 spinel oxide structure
(shown later), two precursors were prepared: a Li–Mn–Cit
undoped precursor (with a 1:2:3 Li:Mn:Cit ratio) and a Li–Mn–Cit
(PO4) doped precursor (with a 1:2:3:0.1 Li:Mn:Cit:PO4 ratio).
Attempts to prepare the Mn in the III oxidation state always
resulted in mixtures of Mn(II) and Mn(III), except when the pH
and concentration of the peroxide solution were strictly controlled
(see the UV–vis analysis in the electronic Supplementary ﬁle).
The formation of citrate salts in both undoped and doped
precursors is revealed by FTIR spectroscopy (Fig. 1a and b):
the characteristic vibrational bands for the carboxylic groups of thecitric acid at 1740 cm1 and 1690 cm1 (υC¼O), 1420 cm1
(υCOþδOH in plane), and 930 cm1 (δOH out plane) [19] are
replaced by two characteristic antisymmetric and symmetric
stretching vibrational bands (–COO) at 1610 cm1 and
1395 cm1, respectively. NH4
þ group is conﬁrmed by the
stretching band observed at 3420 cm1.
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) band reveals two components in the
1620–1550 cm1 range for both precursors (Fig. 1c and d).
Therefore, two different interactions between the carboxylate
group and the metallic ions are present. First, the υas(–COO
)
band centered at 1569 cm1 is a characteristic of a –COO
group interacting with monovalent ions. The (υas(–COO
))
υs (–COO
))Δ value at approximately 174 cm1 [20,21]
conﬁrms that the –COO group interacts with Liþ and
NH4
þ . Second, υas (–COO
) band within the 1586–
1636 cm1 range is twice as intense as the ﬁrst band and is
assigned to a Mn–COO interaction [22]. Therefore, only one
type of manganese species (Mn2þ or Mn3þ ) is linked to the
citrate molecules. The (υas(–COO
)υs(–COO))Δ value is
approximately 220 cm1, suggesting a unidentate complex
for Mn. These facts indicate that the two carboxylate groups
linked to the manganese ion, while the third carboxylate anion
interacts with the Li and NH4
þ in both citrate precursors.
The only appreciable difference observed between the IR
spectra and the precursors is a weak band at approximately
1770 cm1 in the Li–Mn–citrate(PO4) doped precursor that is
a characteristic of the carboxylic acid [23] (Fig. 1c). The
phosphate ion band in the IR spectrum of the doped precursorFig. 2. Thermal behavior (Tg, DTA, DSC) of the doped (a, c) and undoped (bcannot be observed because it is placed (1017 cm1) in the
molecular ﬁngerprint region.
The CHN elemental microanalysis, EDS and solid UV–vis
results enable the quantiﬁcation of the C, H and N composi-
tions and support the presence of Mn(III) and P in the solid
precursors: these quantities correspond to the expected values
for the undoped (NH4)5[(LiMn2)(C6H4O7)  4H2O and doped
(NH4)3[(LiMn2)(C6H6O7)(C6H4O7)2](H2PO4)0.1  5H2O pre-
cursors, summarized in Table 1.
Fig. 2 shows the TG-DTA and DSC curves of both
precursors in dry air (Fig. 2a and b) and nitrogen (Fig. 2c
and d) atmospheres. These experiments reveal that the thermal
behaviors vary depending on the atmosphere (air or nitrogen).
The thermal decomposition in dry air utilizes the same path-
way for both precursors; this route can be divided in two steps.
The ﬁrst step occurs between 25 1C and 270 1C and involves
several endothermic peaks accompanied by an approximate
40% weight loss. These endothermic effects are better detected
with the DSC technique; they correspond to a series of
dehydroxylation and decarboxylation events typical of the
thermal decomposition of citrate salts (formation of methyl
maleic anhydride), as well as the NH3 evolution from the, d) citrate precursors under dry air (a, b) and nitrogen (c, d), respectively.
Fig. 3. XRD study of the undoped and doped oxides prepared at 350 1C.
(a) Calculated and difference patterns from Fullprof program. (b) Zooming-in
on doped oxide pattern in the 15–351 range.
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(300 1C to 380 1C) involves a vigorous exothermic peak
accompanied by a 30% weight loss that corresponds to both
Mn(III) oxidation and the metal-itaconate decomposition via
combustion. These two processes can be separated in an inert
atmosphere, as shown in Fig. 2c and d. The exothermic effect
under nitrogen at over 300 1C caused by Mn(III) oxidation is
followed by an endothermic effect corresponding to the
decarboxylation of metal-itaconate fragments in the inert
atmosphere; this behavior has been observed by other authors
[24,25]. The overall weight loss in dry air is 77% and 78% for
doped and undoped precursors, respectively. Under nitrogen,
the weight loss for both precursors is approximately 15% less
than in dry air.
Therefore, the oxidation of Mn(III) does not depend on the
surrounding atmosphere. The heat evolved during this process
seems to catalyze the oxidative decomposition of the organic
matter in air, incorporating it in one unique, rapid and vigorous
exothermic step that generates the LiMn2O4 spinel oxide. This
result explains the low temperature and shorter time required to
form the doped and undoped LiMn2O4 via thermal decom-
position in air when using the Mn(III)–citrate precursors from
the present work (see XRD proﬁles in Fig. 3) compared to that
reported by other authors (46 h) from Mn(II)–citrate pre-
cursors [5,14–16,18].
As shown in Fig. 3, the undoped and doped pure oxides
with a cubic spinel-like structure are formed at 350 1C in 1 h.
These conditions represent the lowest temperature and shortest
reaction time reported for preparing LiMn2O4 from solid
citrates [5,14–16,18]. Notably, LiMn2O4 is doped with phos-
phate up to 1.64% without Li3PO4 phase (PDF 25-1030:
16.911, 22.331 and 34.231) precipitation as can be seen from
the zooming-in on the doped oxide pattern between 151 and
351 as shown in Fig. 3b. The ICP-OES results for the as-
prepared doped (Li:3.31%, Mn:51.9%, and P:1.64%) and
undoped oxides (Li 3.38% and Mn 52.75%) agree with the
proposed Li1.01Mn1.99O4(PO4)0.1 and Li1.01Mn1.99O4 phase
compositions, respectively. The semi-quantitative study of
compositional homogeneity (see Fig. 4) made by both TEM–
EDS (A1 and A2) and SEM–EDS (B) on different morpho-
logical zones at 1500 and 30,000 magniﬁcations respec-
tively, showed that the P/Mn atomic ratio of doped oxide is
very homogeneous and similar to those determined by ICP.
Fig. 4A1 and A2 shows the inserted electron diffraction
patterns taken in those zones where the TEM–EDS analyses
were carried out. These point patterns agree very well with the
spinel oxide structure under study. The detected potassium
traces level came from the ceramic crucible used in the
synthesis.
As observed in Fig. 3, doping with PO4
3 shifts the XRD
peaks for the undoped oxide toward lower angles because the
a-lattice parameter expands from 8.202870.0003 Å to
8.218270.0003 Å. This change in a-lattice parameter (Δa¼
0.0154 Å) occurs because a large ion, speciﬁcally PO4
3, is
incorporated into the spinel structure, and its magnitude is the
highest up to now for LiMn2O4 doped oxides synthesized at
low temperatures. For example, Liu et al. [10] doped aLiMn2O4 oxide with 0.06 mol of Cl
 , increasing the a-lattice
parameter by 0.011 Å; doping with more than 0.06 mol
generated LiCl precipitate. Ye et al. [6] doped LiMn2O4 with
0.015 mol of PO4
3, increasing the a-lattice parameter by
0.011 Å, but additional PO4
3 doping precipitated a Li3
PO4 phase.
Importantly, the a-lattice parameter was attained at a low
temperature (350 1C), meaning that higher doping values are
attainable if a thermal post-treatment is applied to the samples [17].
The effects of phosphate doping on the LiMn2O4 spinel can
be veriﬁed using XPS and FTIR spectroscopy. As shown in
Fig. 5, the characteristic Mn–O octahedron IR stretching
bands [26] of the undoped oxide (shade line) centered in
617 cm1 and 502 cm1 are displaced by 7 cm1 toward
lower frequencies relative to the doped phosphate oxide (solid
line). This red-shift implies a decrease in the Mn–O axial and
equatorial bond forces in the MnO6 octahedron due to
crystalline cell expansion.
Fig. 4. TEM–EDS (A1, A2) and SEM–EDS (B) qualitative and semi-quantitative chemical analyses of doped oxide made on several points chosen at random with
magniﬁcations of 30,000 (A1 and A2) and 1500 (B). The insets show the electron diffraction patterns taken in those zones where the TEM–EDS analyses were carried out.
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at 419 cm1 is observed and is assigned to the PO4
3 δ
vibration [27], conﬁrming the presence of this species in the
doped oxide.
The phosphate doping level in the present work slightly
modiﬁes the internal electronic energy levels in the spineloxide, as observed in the XPS high resolution spectra (see
Fig. 6) of Li1.01Mn1.99O4(PO4)0.1 and Li1.01Mn1.99O4.
The undoped oxide in the Mn2p3/2 spectrum exhibits Mn
3þ
and Mn4þ binding energies (BE) at 641.8 eV and 642.9 eV
(Fig. 6a), respectively, coinciding with the previous reports for
LiMn2O4 spinel oxides [28,29]. In comparison, for the doped
R.A. Rodríguez et al. / Ceramics International 40 (2014) 12413–12422 12419oxide (Fig. 6b), Mn3þ BE appears higher (642.0 eV) than that
of the undoped species. A similar behavior is observed in the
high resolution Li1s spectrum (Fig. 6). Phosphate doping
induces a Li1s BE shift from 53.5 eV in the LiMn2O4 to
53.8 eV in the LiMn2O4(PO4)0.1.
The increased MnIII 2p3/2 and Li1s BE may be explained by
the structural insertion of the phosphate ion within the Mn–O
bond distance. BE increases with increasing the positive ionic
charge. In this case, when the Mn–O distance is increased due
to phosphate doping, the polarizing effect exerted by Mn3þ
over O2 decreases; therefore, the positive charge on the Mn
atom increases, increasing the BE values. This effect is
interesting for LiMn2O4 because when increasing the
a-lattice parameter, the valence electrons localized over eachFig. 5. FTIR spectra of the Li1.01Mn1.99O4 (shade line) and LiMn2O4(PO4)0.1
(solid line) oxides.
Fig. 6. The high resolution XPS spectra of Mn2p3/2 and Li1s levels in LiMn2O4 (a,
shown. The thick line over the raw data represents the summation of the deconvoatom are augmented, acquiring additional non-bonding char-
acter. This effect can be used strategically to diminish the
inﬂuence of the undesired Jahn–Teller effect [30] on the
electrochemical behavior of the LiMn2O4 cathode material
through phosphate doping.
In the Mn2p3/2 spectra of both oxides, a shoulder can be
observed at 640.7 eV for LiMn2O4 (Fig. 6a) and at 640.8 eV
(Fig. 6b) for LiMn2O4(PO4)0.1. An identical effect is observed
in the Mn3p–Li1s spectra at 48.0 eV and 48.1 eV (Fig. 6c) for
undoped and doped oxides, respectively. These BE values
correspond to the presence of Mn(II) in the oxides. Mn(II)
most likely forms a part of the surface structure on the
nanoparticles and not a secondary phase. The XRD diffraction
patterns (Fig. 3) do not show any peaks that correspond to
impurities. Moreover, the HRTEM images (see Fig. 7) do not
show any atomic layer discontinuity that would indicate
secondary phase segregation.
The oxides synthesized using the proposed method also
exhibit a nanometric and homogeneous particle size with a
spherical morphology, as observed in Fig. 7. The spherical
crystallites in the doped LiMn2O4(PO4)0.1 oxide show a
narrow distribution of diameters where 95% fall between 37
and 63 nm (see electronic Supplementary ﬁle). The undoped
LiMn2O4 oxide (Fig. 7b) is formed by highly aggregated
crystallites constituted by very small particles (o50 nm). The
distance between the atomic planes shown in HRTEM image is
similar to the interplanar distance calculated from the most
intense XRD peak of the doped (0.47444 nm) and undoped
(0.47359 nm) oxides. These morphological characteristics are
very desired for applications in batteries [1,2].
The changes in the electronic and crystalline structures of
the LiMn2O4 oxide due to phosphate doping are not reﬂectedc) and LiMn2O4(PO4)0.1 (b, d), respectively. The deconvolution of the peaks is
luted contributions.
Fig. 7. HRTEM images of the LiMn2O4(PO4)0.1 (a, c) and Li1.01Mn1.99O4 (b, d) oxides.
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similar values for the electronic conductivity of 5E5 Scm1.
However, the impedance spectra of these oxides at 20 1C
show (Fig. 8) that doping with phosphate ions drastically
decreases the resistance of the lithium conduction. The PITT
study allowed to estimate the lithium diffusion coefﬁcient for
both materials. The relaxation time was taken high enough
(2 h) in order to ensure the approximation of t⪢τ, where τ is
the semi-inﬁnite diffusion time. Under this consideration the
current decreases exponentially with time by the following
expression:
i¼ 2FADΔC
L
e
 π2D
4L2 t
where F is the Faraday constant, A is the electrode surface, D
is the diffusion coefﬁcient, ΔC is the lithium concentrationvariation over the electrode surface and L is the electrode
thickness.
Plotting Ln(i) vs t, a line with a slope π2D/4L2 is obtained
from which the diffusion coefﬁcient (D) is calculated. The
plotting Ln(i) vs t for the doped and the undoped oxides is
shown in the electronic Supplementary ﬁle. The D values
determined for undoped and doped oxides were Dundop
¼2.108 cm2/s and Ddop¼1.107 cm2/s.
The D value calculated in this work for the phosphate
doping level of 0.1 mol (1.107 cm2/s) in comparison with the
reported value [6] for the phosphate doping level of 0.015 mol
(5.3108 cm2/s) conﬁrms the importance to increase the
phosphate concentration in this electrode material.
Additionally, it is important to underline that the particle size
plays a marked role in the lithium diffusion process in this kind of
spinel oxides, which is evident when comparing the D values for
Fig. 8. Impedance spectra of the LiMn2O4(PO4)0.1 (a) and Li1.01Mn1.99O4
(b) oxides.
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with the micrometric oxide reported by Ye et al. [6]. The
structural expansion and charge transport enhancements reached
due to the phosphate doping infers an improvement in the
electrochemical performance of the nano-LiMn2O4(PO4)0.1 when
it is used as a cathode material for lithium batteries; these results
will be presented in forthcoming works.4. Conclusions
A new precursor for phosphate incorporation into a
LiMn2O4 spinel-like cathode material has been prepared. The
mixed (NH4)3[(LiMn2)(C6H6O7)(C6H4O7)2](H2PO4)0.1  5H2O
precursor incorporates the highest reported phosphate concen-
tration into the LiMn2O4 structure without precipitating any
impurities. This result was possible only when precisely
controlling the pH and Mn III/citric acid ratio when synthesiz-
ing the precursor. The presence of Mn(III) in the citrate solid
precursor enables the rapid (1 h) preparation of pure and
homogeneous LiMn2O4(PO4)0.1 spinel-like oxide nanoparticles
at very low temperatures (350 1C).
The phosphate ion confers a higher a-lattice parameter value
(8.218270.0003 Å) to the structure that, when combined with
the nanometric particle size of the oxide, improves the lithium
transport appreciably. Doping the LiMn2O4 spinel-like cathode
material with a high phosphate concentration using the
synthesis method here discussed could address the numerous
changes caused by the cycling process when these oxides are
used as electrodes in Li batteries.Acknowledgments
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